Cappadocia region of Anatolia hosts the third largest wild apricot population in Turkey. The objective of the study was to characterize 44 wild apricot genotypes selected from Cappadocia Region (Nevşehir-Turkey) as prominent with their late flowering, resistance to spring late frosts, large fruit sizes and/or late fruit ripening characteristics and 5 reference apricot cultivars ('Hacıhaliloğlu', 'Kabaaşı', 'Hasanbey', 'Aprikoz' and 'Levent') with SSR (simple sequence repeats) markers. A total of 16 SSR primers were used and 13 of them were successfully amplified. Total number of alleles was 107, average number of alleles was 8.23; average He and Ho values were 0.722 and 0.669, respectively. Polymorphism information content (PIC) values varied between 0.471 and 0.845. There was a quite high genetic diversity among wild apricot genotypes that genetic similarity values varied between 12 and 96%. Homonymous and synonymous genotypes were not encountered.
Introduction
indicated the origin centers of culture apricots (Prunus armeniaca L.) as China, Central Asia and defined Near-East centers extending from Northeastern Iran to Caucasus and Central Anatolia as the secondary origin center of cultured forms. Kostina (1969) divided P. armeniaca species into 4 large eco-geographical groups and 13 regional subgroups and placed Turkey into Iran-Caucasus ecogeographic group (Layne et al 1996; Zhebentyayeva et al 2012) . Anatolia (Turkey) is located within the secondary origin center of apricots, thus has a great genetic diversity (Ercisli 2004 ). Nevşehir province is located right at the center of Cappadocia region of Anatolia, and the province hosts the 3 rd largest wild apricot population with about 145000 trees (TUIK 2017 ). This population is characterized with late flowering, resistance to spring late frosts, large fruits and late ripening. Thus the population exhibits a large variation in fruit physical and quality attributes. Such a diverse population was evaluated for the first time by Dumanoğlu et al (2018) within DOI: 10.15832/ankutbd.457850 Ta r ı m B i l i m l e r i D e r g i s i -J o u r n a l o f A g r i c u l t u r a l S c i e n c e s 25 (2019) [498] [499] [500] [501] [502] [503] [504] [505] [506] [507] the scope of a scientific research project, and superior genotypes were identified. These genotypes were then put under protection in a collection orchard. The genotypes constitute significant materials for apricot breeding studies and genetic relationships among these genotypes should be identified with further molecular techniques. Microsatellites or simple sequence repeats (SSRs) are short repeat sequences (1-6 base length) and have co-dominant characteristics, greater polymorphism ratios, are abundant in genome and have quite high repeatability. Therefore, they have a significant place among DNA markers (Litt & Luty 1989; Gupta et al 1996) . These markers are commonly used in identification of species, preservation of genetic materials, population genetics, quantitative trait loci mapping, marker assisted selection and similar studies. SSR markers are also used in genetic characterization of Prunus species, including apricots. However, SSR markers were not developed at the same rates for each one of the significant species (apricot, peach, plum, and almond), thus potential use of SSR markers of a species in other Prunus species (crosstransferability) have become a significant issue (Hormaza 2002; Romero et al 2003; Zhebentyayeva et al 2003; Hagen et al 2004; Messina et al 2004; Mnejja et al 2005; Sanchez-Perez et al 2005; Ruthner et al 2006; Bouhadida et al 2009; Wünsch 2009; Akpınar et al 2010; Bourguiba et al 2010; Liu et al 2013; Wang et al 2014; Eroglu & Cakir 2015; Gürcan et al 2015; Murathan et al 2017) .
In this study, genetic relationships between wild apricot genotypes selected from the wild apricot gene sources of Nevşehir province with regard to late flowering, resistance to spring late frosts, large fruits and or late fruit ripening characteristics were identified with SSR markers developed from P. armeniaca and P. persica.
Material and Methods

Plant material and DNA isolation
In this study, 44 wild apricot genotypes selected from Nevşehir (Cappadocia Region-Turkey) locality and the reference apricot cultivars of 'Aprikoz', 'Kabaaşı', 'Hasanbey', 'Hacıhaliloğlu' and 'Levent' were used as the plant material. DNA isolations were performed from fresh shoot tips and young leaf samples collected from the genotypes (Lefort et al 1998) . DNA purity and concentrations were determined in ND-1000 spectrophotometer and isolated DNA was visually controlled in 1% agarose gel.
SSR reactions
A total of 16 SSR loci were selected as of 10 P. armeniaca (apricot), 4 P. persica (peach) and 2 P. armeniaca EST-SSR loci (Table 1) . Selected SSR loci were tested and the polymorphic ones were used in genetic identifications. PCR amplifications were performed by using M13-tailed primer according to the methods described by Schuelke (2000) in Prunus genotypes. A tail (M13 universal sequence (-21), TGTAAAACGACGGCCAGT) was added to the 5' end of each forward primers. PCR amplifications were performed in 15 µL reaction mixture containing 90 ng genomic DNA, 0.1 µM of each SSR primer, 0.1 µM labelled M13 (-21) universal primer, 0.2 mM of each dNTPs, 1X DreamTaq Green Buffer (includes MgCl 2 at a concentration of 2 mM) (Thermo Scientific) and 0.5 U DreamTaq DNA Polymerase (Thermo Scientific). The amplification program consisted of an initial step of 3 min at 94 °C, followed by 35 cycles of 1 min at 94 °C, 1 min at 50-66 °C, 2 min at 72 °C, followed by 8 cycles of 1 min at 94 °C, 1 min at 53 °C, 2 min at 72 °C, and a final extension at 72 °C for 10 min. The M13 (-21) primer was 5'-fluorescently tagged with HEX, 6-FAM or ROX to facilitate multiplexing. A set of three PCR products (0.5 µL each) was mixed with 0.5 µL GeneScan-600 LIZ size standards (Applied Biosystems, USA) and 9.5 µL Hi-Di TM formamide (Applied Biosystems) and denatured at 95 °C for 5 min, chilled on ice and electrophoresed on the Applied Biosystems Prism 3500 Genetic Analyzer System (Applied Biosystems, USA). GENEMAPPER software v5.0 (Applied Biosystems, USA) was used to determine fragment size. 
Statistical analysis
For each locus, the expected heterozygosity (He), observed heterozygosity (Ho) and polymorphism information content (PIC) (Nei 1973) were calculated with PowerMarker V3.025 software (Liu & Muse 2005) . The neighbor-joining (NJ) and unweighted pair-group method using arithmetic average (UPGMA) were used to construct and draw a dendrogram from the genetic similarity matrix by using the MEGA6 (Tamura et al 2007) and PowerMarker software programs. Bootstrap analyses with 100 replicates were performed and a consensus tree was obtained to measure the confidence levels for the clusters. 
Results
Allele sizes (bp, base-pair) for 13 SSR loci of wild apricot types selected from Nevşehir locality and reference apricot cultivars are provided in Table 2 . Considering the success ratios of 16 SSR loci selected for genetic characterization of wild apricot types, 10-15 of them were thought to be used in genetic analyses. Thirteen SSR loci were successfully amplified. Of the remaining 3 SSR loci, UDP98-406 locus yielded successful PCR reactions, but was not able to be assessed well because of mixed peaks in capillary electrophoresis system. While PCR reactions of AMPA096 locus were unsuccessful, UDP96-019 locus was identified as monomorphic. Therefore, these 3 loci were not used in genetic analyses. The highest number of alleles was observed in UDAp-418 locus with 14 alleles ( (Table 3) .
Genetic similarity dendrogram indicated that genotypes were basically separated into 3 groups (Figure 1 ). When the dendrogram was evaluated based on the places from where the samples were collected, it was observed that grouping was independent from the sampling locations. Considering the place of reference apricot cultivars in the dendrogram, 'Hasanbey' was placed in the second group, and the other cultivars were placed in 3 rd group. Reference cultivars were not placed in the first group.
Genetic similarity index values varied between 12 and 96% with the greatest similarity (96%) between wild apricot genotypes of #6 and #61. These genotypes were followed by the #32-#34 and #39-#68 with a similarity ratio of 92%. The lowest genetic similarity (12%) was observed between the genotypes #13 and #38, #38 and #50, #38 and #64, and #45 and #47. Degree of genetic similarity was independent from the sampling locations. Genotypes #6 and #61, 45 km away from each other (Çavuşin and Gümüşkent, respectively) had the highest genetic similarity (96%) in the study. However, more distantly located (>65 km) genotypes #39 (Gümüşkent) and #68 (Çakıllı), or genotypes #32 and #34 at the same location (Yeşilöz) had the same genetic similarity level of 92%. Hormaza (2002) used 37 SSR loci developed from Prunus species to identify the genetic relationships among 48 apricot genotypes collected from different geographical regions. Of these loci, 31 were successfully amplified, 20 had repeatable polymorphic characteristics and a total of 82 alleles were identified in 48 genotypes. The common primer UDP96-100 was also found to be polymorphic in this study. Polymorphic UDP98-406 primer was not able to be assessed because of complex peak profile in our study. In another study, Romero et al (2003) used 16 SSR loci developed from peach genome to identify the relationships among 40 apricot genotypes collected from different eco-geographical regions. Of these loci, 11 presented polymorphism in apricot genotypes and allowed clear identification of each genotype. The common primer UDP96-010 similarly yielded the greatest separation power in this study. Zhebentyayeva et al (2003) tested 30 SSR loci developed through enriched library method from peach genome for 74 apricot genotypes. Of 30 SSR loci tested, 20 were amplified in apricot and 14 were reported to be used in separation of apricot genotypes and apricot germplasm diversity studies. Messina et al (2004) isolated 99 SSR loci from apricots and tested 20 of them in 16 apricot genotypes to determine polymorphism ratios. Of 20 SSR loci tested, 9 (UDAp-401, UDAp-404, UDAp-407, UDAp-410, UDAp-411, UDAp-414, UDAp-415, UDAp-418 and UDAp-420) were recommended to be used in apricot fingerprinting studies. Researchers also implied that 20% of 27  110  110  163  169  223  223  135  159  178  186  184  206  28  104  104  167  179  223  233  135  137  166  178  184  204  29  110  122  169  175  223  223  135  137  178  190  184  184  31  88  122  163  167  223  223  135  165  166  166  184  198  32  110  110  169  175  223  223  135  153  179  179  184  198  33  110  122  179  179  223  233  135  159  166  178  184  200  34  110  110  169  175  223  223  135  153  178  178  184  198  35  110  110  169  179  223  233  135  135  178  186  184  184  38  110  110  175  181  233  233  145  145  178  178  184  184  39  84  84  169  175  233  233  135  135  178  178  184  184  41  104  110  175  175  223  223  135  135  166  178  184  204  42  88  88  167  175  223  223  135  135  178  186  184  200  43  110  110  167  175  223  233  135  159  166  186  184  204  45  110  110  163  179  223  233  135  135  166  178  184  200  46  84  110  163  179  233  241  135  165  166  178  184  204  47  88  88  175  175  223  223  135  166  166  166  198  204  48  104  104  169  175  223  223  135  137  186  186  186  199  49  88  110  163  167  223  223  135  153  178  178  184  204  50  84  109  163  163  223  233  135  135  166  186  184  206  53  84  104  169  175  223  233  135  137  179  186  186  206  54  88  110  169  175  225  241  135  165  166  186  190  204  59  110  122  163  169  223  223  159  165  166  186  184  204  60  88  110  175  175  223  233  135  135  178  186  184  204  61  110  110  169  179  223  241  135  137  166  186  184  184  64  88  110  169  169  223  223  129  135  184  184  184  200  68  84  84  169  175  233  233  135  135  178  178  184  184  76  88  88  163  175  233  233  135  165  166  186  184  206  A  110  110  163  169  223  225  129  159  184  184  184  198  HB  84  84  175  181  223  233  135  143  166  180  180  198  HH  84  84  167  175  223  223  135  153  180  180  180  204  KA  84  110  163  167  223  223  135  153  180  186  184  204  L  84  110  167  167  223  241  135  153  180  186  204 204 21  99  113  150  152  203  227  120  120  169  195  186  186  136  136  22  103  105  176  180  195  217  120  120  179  195  186  204  140  162  23  113  117  150  180  195  227  116  120  169  195  186  204  140  168  24  105  117  170  180  195  227  116  120  179  195  204  209  140  162  26  93  117  152  176  217  231  120  120  169  179  186  206  140  168  27  99  103  176  176  205  217  120  120  189  195  206  206  140  166  28  93  113  174  180  195  195  120  120  171  195  182  186  136  142  29  91  117  176  180  205  227  120  122  195  195  186  208  162  162  31  103  117  180  180  205  227  120  120  171  195  204  204  142  168  32  103  117  176  180  195  195  120  120  169  195  182  206  140  162  33  99  105  182  182  195  205  120  120  169  195  182  206  136  142  34  103  117  176  180  195  195  120  120  169  195  182  206  140  162  35  97  105  176  180  205  227  116  120  187  195  186  186  162  168  38  97  97  170  180  205  205  129  129  195  195  209  209  144  144  39  105 105  154  164  195  195  120  120  195  195  186  209  140  162  41  93  93  176  180  227  231  120  130  183  195  186  186  142  166  42  105  117  176  180  195  227  120  120  171  179  186  204  142  162  43  97  99  176  176  195  205  116  120  179  195  182  186  142  166  45  97  97  150  150  226  226  120  130  171  195  182  182  140  168  46  93  97  154  180  195  195  120  120  169  195  186  186  140  166  47  103  117  164  176  205  231  116  122  169  169  186  208  142  166  48  91  117  150  180  227  231  120  122  169  171  186  206  166  166  49  91  105  152  176  203  227  120  120  169  185  186  186  166  166  50  97  117  176  181  195  231  120  122  169  195  184  186  140  162   53*  105  117  150  170  180  205  217  227  120  120  169  195  186  206  136  162   54  97  99  154  176  195  205  120  120  169  195  204  204  142  168  59  97  105  176  176  195  205  120  120  169  169  182  186  136  168  60  105  113  154  184  195  205  116  120  183  195  186  204  140  140  61  113  117  176  182  203  231  116  120  179  195  204  204  140  142  64  113  113  170  170  191  191  120  120  169  171  186  204  136  140  68  105  105  154  154  195  195  120  122  195  195  186  209  140  162  76  93  99  164  182  195  195  120  122  195  195  186  206  140  168  A  105  113  169  176  227  227  120  122  169  195  186  205  162  162  HB  97  105  164  182  195  205  116  120  169  195  186  206  142  168  HH  99  105  164  180  205  205  120  120  185  195  204  206  140  168  KA  105  105  162  164  205  227  120  120  171  195  204  206  140  142  L  99  103  148  180  227  227  120  120  169  185  186  204  142  168 *, Genotype #53 has 3 alleles and shows triploidy for the loci of UDAP418 and AMPA105 SSR loci were successfully amplified in different Prunus species including peaches, nectarine, almond, European plum, Japanese plum, cherry and sour cherry. Of the relevant primers, UDAp-401 and UDAp-404 were also used in the present study and successfully amplified and had quite high polymorphism ratios. Akpınar et al (2010) used 10 SSR loci of which 2 were developed from apricots and 8 from peaches for genetic identification of 25 local apricot genotypes and 4 foreign reference cultivars. In the present study, the primer UDP96-010 developed from the peaches had also similar polymorphisim. Ullah et al (2017) employed 20 SSR loci for genetic characterization of 12 apricot genotypes significant for the economy of Pakistan and reported polymorphic bands for 18 of them. Zhebentyayeva et al (2003) characterized 74 apricot genotypes with 30 SSR markers and reported the number of alleles between 2 (Pchgms 17) and 16 (UPD 96-001) and total number of alleles as 107 with an average number of alleles as 7.64. Messina et al (2004) tested 20 of 99 SSR loci isolated from apricots in 16 apricot genotypes to determine polymorphism ratios and reported the number of alleles between 2 and 9, expected heterozygosity between 0.26 and 0.82. Liu et al (2013) developed 19 microsatellite loci for marker assisted selection (MAS) of P. sibirica L. with regard to late flowering and characterized them in 40 genotypes. Researchers reported the number of alleles between 3 and 11, expected and observed heterozygosity ratios between 0.063 and 0.917, and between 0.295 and 0.876, respectively. In another study carried out with P. sibirica L. species, 31 SSR loci were used to assess genetic diversity and population structure. The number of alleles were reported between 5 and 33 with an average value of 19.323, and average expected and observed heterozygosity ratios were reported 0.639 and 0.774, respectively (Wang et al 2014) . Gürcan et al (2015) assessed 278 apricot genotypes with 20 SSR loci and reported the number of alleles between 5 and 25 with an average number of alleles as 12.78, expected and observed heterozygosity values of 0.75 and 0.63, respectively. Study, 49 P. armeniaca genotypes including wild apricot genotypes and reference cultivars were screened through 13 SSR markers and total number of alleles was identified as 107, average number of alleles per locus as 8.23, polymorphism information content as 0.69. SSR markers are used for various purposes (genetic mapping and etc.), especially for genetic characterization of Prunus species, including apricots. However, SSR markers were not able to be developed at the same rates for each one of the significant species (apricot, peach, plum, almond), thus potential use of SSR markers of a species in other Prunus species (cross-transferability) have become a significant issue. In this study, two different sources were preferred in selection of SSR loci for genetic assessment of wild apricot genotypes. Of these loci, while only one of 10 SSR loci (AMPA096) was unsuccessful, peak quality was poor in UDP98-406 locus developed from P. persica, and the UDP96-019 locus developed from the same source was monomorphic. EST-SSR primers developed from P. armeniaca were successfully amplified and identified as polymorphic.
Discussion
Conclusions
In this study, 16 SSR primers developed from apricot and peaches were used. Thirteen SSR primers were successfully amplified, and they had quite high polymorphism ratios. These 13 SSR loci were found sufficient and successful for characterization and identification of selected wild apricot genotypes. There was a quite high genetic diversity among the genotypes. Genetic similarity varied between 12 and 96%, and homonymous and synonymous genotypes were not encountered.
